Objective-Vascular endothelial growth factor (VEGF) signaling is a major regulator of physiological and pathological angiogenesis. VEGF receptor activity is strongly controlled by endocytosis, which can terminate or enhance signal transduction in the angiogenic endothelium, but the exact molecular regulation of these processes remains incompletely understood. We have therefore examined the function of Numb family clathrin-associated sorting proteins in angiogenesis. The online-only Data Supplement is available with this article at http://atvb.ahajournals.org/lookup/suppl
T he angiogenic growth of blood vessels is indispensable during fetal and postnatal development, but also plays important roles during regeneration or in disease processes in the adult organism. Vascular endothelial growth factor (VEGF) family growth factors and, in particular VEGF-A, have emerged as critical regulators of angiogenesis. 1 Signaling of VEGF-A through its receptor vascular endothelial growth factor receptor 2 (VEGFR2) promotes endothelial cell (EC) proliferation and sprouting during blood vessel growth. The related growth factor VEGF-C, which signals predominantly through VEGFR3, can also stimulate angiogenesis but is primarily a regulator of lymphangiogenesis. 1, 2 See cover image VEGF signaling is controlled at multiple levels, including the internalization of VEGFR2 and VEGFR3 from the plasma membrane (PM), which can positively or negatively influence the activity of these receptors. 3 Receptor endocytosis can involve different routes, among which the clathrin pathway is most relevant and best understood. In this process, clathrin molecules are recruited to specific surface receptors either by direct binding to the AP2 adaptor complex (AP2) or through clathrin-associated sorting proteins (CLASPs). After the formation of clathrin-coated pits and the dynamin-dependent release of vesicles into the cytoplasm, vesicles fuse with early endosomes and, subsequently, undergo a series of sorting processes that can direct internalized receptors to lysosomal degradation or recycling back to the PM. 4 The fate of internalized VEGF receptors strongly depends on function of different CLASPs. Cargospecific adaptors of the Epsin family, namely Epsin 1 (Epn1) and Epsin 2 (Epn2), promote the degradation of VEGFR2 and VEGFR3. [5] [6] [7] Although EC-specific Epn1/Epn2 double mutants developed normally, VEGFR2 signaling in tumor blood vessels was excessively enhanced, leading to deregulated, nonproductive angiogenesis. 5, 6 Similarly, excessive VEGFR3 activity, caused by defective internalization and degradation of this receptor, compromised lymphatic valve formation in Epn1/Epn2 mutants. 7 Another CLASP, namely disabled homolog 2 (Dab2), also promotes the endocytosis of VEGFR2 and VEGFR3, which does not lead to the termination of signaling and, instead, promotes certain signal transduction processes downstream of these receptors. 8 Other evidence also supports that VEGFR2 internalization and trafficking away from the PM is a prerequisite for triggering its full signaling activity. [9] [10] [11] Neuropilin-1, a coreceptor of VEGFR2, and recruitment of the PDZ domain protein GIPC/synectin regulate VEGF-dependent artery formation and direct internalized VEGFR2 from the degradative route into Rab11-positive vesicles for recycling. 9, 10, 12 Here, we show that VEGFR2 and VEGFR3 function is also controlled by the CLASPs Numb and Numb-like (Numbl), which promote angiogenesis in the postnatal retina. We found that Numb proteins are required for full VEGF receptor signaling and enhance the recycling of VEGFR2 to the cell surface. These findings identify Numb proteins as novel regulators of VEGF receptor internalization and signaling.
Materials and Methods
Materials and Methods are available in the online-only Data Supplement.
Ethics
All animal experiments were performed in compliance with the relevant laws and institutional guidelines and were approved by local animal ethics committees.
Results

Expression of Numb and Numbl in Endothelial Cells
To investigate the function of Numb and Numbl in angiogenesis, we generated EC-specific double mutants by combining mice carrying loxP-flanked Numb and Numbl alleles 13, 14 with either Cdh5-CreERT2 15 or Pdgfb-iCre 16 transgenes. Cre-mediated inactivation of the floxed genes was induced by intraperitoneal injection of pups with tamoxifen at postnatal (P) day 1, 2, and 3. Blood vessel growth in the resulting Numb/Numbl iECKO mutants and tamoxifen-treated control littermates were analyzed in the retina, which is a well-established model for angiogenesis. 17 To visualize Numb proteins in retinal vasculature and confirm efficient gene inactivation in the Numb/Numbl iECKO endothelium, we performed immunostaining of P6 mutant and control retinas with 2 different anti-Numb antibodies ( Figure I in the online-only Data Supplement). Control samples showed anti-Numb staining of the isolectin B4-labeled retinal vasculature, including endothelial sprouts at the angiogenic front as well as arteries, capillaries, and veins in the central vessel plexus. In contrast, Numb immunostaining was strongly diminished or absent in Numb/Numbl 18 Endogenous expression of Numb and Numbl was also confirmed in cultured human umbilical cord vein endothelial cells (HUVECs) with the same antibodies as used for mouse lung. Despite the high degree of sequence homology between Numb and Numbl, 19 we found that expression of the human gene products can be efficiently and selectively disrupted by small interfering RNA (siRNA)-mediated knockdown ( Figure I in the online-only Data Supplement).
Numb and Numbl Promote Retinal Angiogenesis
Next, we performed a detailed and quantitative analysis of vascular parameters in P6 Numb/Numbl iECKO and control retinas ( Figure 1A-1E ). This showed that inactivation of the Numb and Numbl genes led to markedly reduced vascular outgrowth, less branching in the vascular plexus, and a smaller area covered by ECs relative to control littermates ( Figure 1A and 1B). High-resolution imaging further revealed a significant reduction in the number of endothelial sprouts emerging from the mutant angiogenic front ( Figure 1A and 1B). In contrast, the number of filopodia extending across equally long segments of the mutant and control angiogenic front was not different, and the length of filopodia was slightly but significantly increased in the Numb/Numbl iECKO retinal endothelium ( Figure 1B) . Labeling of proliferating cells by intraperitoneal injection of 5-ethynyl-2′-deoxyuridine of pups at 1.5 hours before analysis 17 revealed a 25% reduction in EC proliferation in the Numb/Numbl iECKO endothelium relative to littermate control samples ( Figure 1C and 1D) .
Potential defects in vascular stability, which can arise from defects in EC migration, survival, or cell-cell junction formation, 20 were assessed by whole-mount staining for isolectin B4 and collagen IV. Regression of vessel branches and sprouts, which can be visualized as empty (collagen IV + and isolectin B4 − ) collagen sleeves, 17, 21 was significantly enhanced in the Numb/Numbl iECKO retinal vasculature ( Figure 1C and 1E ). Numb and Numbl have a reported role in the assembly of adherens junctions in epithelial cells by regulating the insertion of E-cadherin into junctional complexes. 22 However, gross analysis of VE-cad, the main cadherin in ECs, 20 was only mildly reduced in Numb/Numbl iECKO retinal vessels ( Figure II in the online-only Data Supplement). Immunostaining of the tight junction protein Claudin-5, 23 which is positively regulated by VE-cad, 24 was unaffected ( Figure II in the online-only Data Supplement). Vascular permeability, measured in the brain cortex after perfusion with the low molecular weight tracer biotin, 23 was also unaltered arguing against junctional defects 
Analysis of Notch and Integrin Activity in Numb/Numbl Mutant Vessels
Numb and Numbl are well known as negative regulators of Notch signaling in mammals. 25, 26 Yet, this role seems to be confined to specific morphogenetic processes, whereas other Notch-regulated activities are independent of Numb and Numbl. 27 Notch is also a key regulator of sprouting angiogenesis, endothelial branch formation, and EC proliferation, all of which were reduced in the retina of Notch gain-of-function mice. 28, 29 However, endothelial expression of the Notch ligand Delta-like 4, which is positively regulated by Notch signaling, [29] [30] [31] sleeves (E, arrows in C). All parameters were analyzed in the background of Pdgfb-iCre (Pdgfb) and Cdh5-CreERT2 (Cdh5) expressing mice, as indicated. Channels in C have been pseudocolored (IB4 green → blue; EDU blue → red; Col IV red → green). All quantifiation is based on pairwise comparison of Numb/Numbl iECKO mutants, which were generated either with Pdgfb-iCre (Pdgfb) or Cdh5-CreERT2 (Cdh5) transgenes and their respective littermate controls (normalized to 100%). Data are presented as mean+SEM; n≥3. *P<0.05; NS, not significant. EC indicates endothelial cell.
III in the online-only Data Supplement), which are established Notch target genes in ECs. 32 Numb and Numbl are also known regulators of integrin endocytosis, 33, 34 suggesting that defective integrin function might be the cause of vascular defects in Numb/Numbl iECKO mutants. However, immunostaining of activated integrin β1, a subunit that is part of many integrin heterodimers and critical for angiogenesis, 35 was comparable in the P6 control and Numb/Numbl iECKO retinal vasculature (Figure III in the online-only Data Supplement). Taken together, the results above did not indicate that defects in Numb/Numbl iECKO retinal angiogenesis were caused by alterations in Notch activity or integrin β1-mediated cell-matrix interactions.
Numb and Numbl Interact With VEGF Receptors
We have previously identified the phosphotyrosine-binding (PTB) domain containing protein Dab2 as an adaptor required for efficient VEGF receptor internalization and signaling. 8 Numb and Numbl belong to the same protein family of PTB domain containing adaptors, and Numb and Dab2 have complementary and partially redundant functions in integrin endocytosis. 34, 36 Interestingly, the PTB domain of Numbl was shown to interact with the NPX(p)Y-related motif NSEY in VEGFR3. 37 This prompted us to investigate a possible role of Numb and Numbl in VEGF receptor function. Incubation of mouse lung lysates with truncated recombinant human Numb Numb interacts with VEGFR2 and VEGFR3. A, Schematic drawing of the human Numb domain structure and the corresponding truncated proteins used in pull-down experiments. Similarity indices between human and mouse Numb functional domains were determined by Lipman-Pearson protein alignment. B, Numb interacted with VEGFRs predominantly through the Numb-PTB domain after pull-down with recombinant GST-fusion proteins from mouse lung lysate. VEGFR2 also weakly interacted with the Numb-PRR domain. Molecular weight markers (kDa) are indicated. C, HUVECs transfected with control siRNA (Scrambled) or siRNA against VEGFR2 (siKDR) were lysed after 48 hours and subjected to immunoprecipitation with Numb antibody. Western blot shows that knockdown of KDR strongly reduced the amount of coprecipitated VEGFR2 with Numb. D, Western blot showing that both VEGFR2 and VEGFR3 were coprecipitated with endogenous Numb from mouse lung. E, F, Binding of VEGFR2 to endogenous Numb (E) or the GST-Numb-PTB fragment (F) was enhanced by stimulation with VEGF (E, F) in a time-course-dependent manner (arrowhead, E). The inhibition of dynamin-dependent endocytosis by MitMAB also augmented the interaction of Numb and VEGFR2 (arrowhead, E). Equal loading, size, and integrity of fusion proteins used in (B, F) was confirmed by Coomassie Brilliant Blue (CBB) staining (asterisks, bottom panel). Densitometric analysis in (E) compares stimulated and inhibitor-treated samples to the untreated control. Molecular weight markers (kDa) are indicated. Data are representative of at least 3 independent experiments. GST indicates glutathione S-transferase; HUVECs, human umbilical cord vein endothelial cells; PRR, proline-rich region; PTB, phosphotyrosine-binding; siRNA, small interfering RNA; VEGF, vascular endothelial growth factor; and VEGFR, vascular endothelial growth factor receptor.
protein fragments fused to glutathione S-transferase revealed that VEGFR2 and VEGFR3 specifically interact with the N-terminal Numb-PTB fragment (aa 1-183; Figure 2A and 2B). VEGFR2, but not VEGFR3, also bound weakly to the C-terminal fragment (aa 184-651) containing the proline-rich region of Numb (Figure 2A and 2B) . The specificity of the interaction between endogenous Numb and VEGFR2 was also confirmed in HUVECs by immunoprecipitation. After siRNAmediated gene knockdown of KDR (VEGFR2) expression, the amount of VEGFR2 coprecipitated with Numb was drastically reduced ( Figure 2C ). VEGFR3 is only weakly expressed by HUVECs and was therefore not tested in this experiment, whereas we confirmed the interaction of both VEGFR2 and VEGFR3 with Numb in vivo by coimmunoprecipitation from whole mouse lung lysates ( Figure 2D ). Because the PTBdomains of Numb, Numbl, and Dab2 can interact with tyrosine motifs in cargo proteins independent of phosphorylation, 37 we also investigated whether the interaction of Numb and VEGFR2 is affected by VEGF stimulation. VEGF treatment of HUVECs augmented the interaction of Numb and VEGFR2 in a time-course-dependent manner ( Figure 2E ). Peak phosphorylation of VEGFR2 at Tyr1175 after 5 minutes preceded the increase in interaction with Numb, which was observed after 10 and 15 minutes ( Figure 2E) . Similarly, the amount of VEGFR2 that was coprecipitated with the Numb-PTB fragment was increased after VEGF stimulation ( Figure 2F ).
Colocalization of Numb Proteins and VEGF Receptors
For characterization of the interaction between Numb and VEGFR2 in cultured HUVECs by immunostaining, we first validated the specificity of anti-Numb and anti-VEGFR2 antibodies by siRNA-mediated gene ablation ( Figure IV in the online-only Data Supplement). In accordance with previous reports, Numb clustered in punctae at or near the PM, which were also positive for AP2, Clathrin, and Dynamin ( Figure V in the online-only Data Supplement) and therefore presumably correspond to clathrin-coated pits. 34, 38 Unlike in epithelial cells, 34 Numb immunostaining was not restricted to the basal substratum-facing surface but was also found near the apical membrane and VE-cad-containing cell-cell contacts ( Figure  VI in the online-only Data Supplement). Anti-VEGFR2 staining intensity in HUVECs was highly heterogeneous within different cells (data not shown). In cells with robust VEGFR2 immunoreactivity, VEGFR2 predominantly localized to intracellular vesicles, of which a large fraction was also positive for the early endosomal marker EEA1 (early endosome antigen 1; Figure VI in the online-only Data Supplement). Only punctate structures within membrane protrusions in the cell periphery were positive for both VEGFR2 and Numb, whereas Numb-containing vesicles near and around the nucleus were typically devoid of VEGFR2 ( Figure VI 
Numb Proteins Control VEGF Receptor Levels and Activity
To examine how loss of Numb and Numbl affects VEGF receptor function, the levels of total protein and phosphorylated VEGFR2 and VEGFR3 were assessed in vivo. Whole-mount staining of the P6 Numb/Numbl iECKO retinal vasculature revealed reduced total VEGFR3 protein, whereas the amount of VEGFR2 appeared comparable (Figure 3A-3C ). Western blot analysis, which is better suited for quantitative analysis, confirmed the reduction of VEGFR3 in Numb/Numbl iECKO lung lysate in comparison to littermate control ( Figure 3D and 3E ). This approach also revealed a small but significant reduction of VEGFR2 in 48% (12/25) of the mutant lung samples analyzed ( Figure 3D and 3E). To enrich tyrosine-phosphorylated proteins, aliquots of lysates were also incubated with a pan antiphosphotyrosine antibody (clone 4G10) so that the detection of VEGFR2 and VEGFR3 in these immunoprecipitates reflects the amount of phosphorylated or phospho-protein-associated receptor. The amount of VEGFR2 precipitated by this approach was reduced by 25% in Numb/Numbl iECKO relative to control samples ( Figure 3D-3F) . Likewise, the amount of precipitated VEGFR3 was reduced in Numb/Numbl iECKO lungs, which correlated with substantially lower amounts of total VEGFR3 ( Figure 3D-3F ). VE-cad, which was used as standard for normalization in the analysis of the Western blot data, was not changed relative to Tubulin ( Figure 3G ). The decrease in VEGFR3 protein in Numb/Numbl iECKO lungs was not caused by reduced gene expression, as indicated by quantitative real-time PCR analysis ( Figure 3G ). Likewise, transcripts encoding VEGFR1 (Flt1), VEGFR2 (Kdr), VEGF-A (Vegfa), and VE-cad (Cdh5) were comparable in mutant and control lung samples ( Figure 3H) .
A potential role of Numb proteins in VEGFR2 signaling was further supported by VEGF stimulation of control and siNUMB/siNUMBL knockdown HUVECs ( Figure 4A ). The amount of total phospho-VEGFR2 and, in particular, phosphorylation of tyrosine residue 1175 (Tyr 1175), which has been implicated in the activation of both PLCγ/MAPK/extracellular signal-regulated kinase and phosphoinositide 3 kinase/AKT signaling, 40, 41 were significantly reduced at 15 minutes after VEGF administration ( Figure 4A and 4B) . At the same time point, total VEGFR2 was also reduced in siNUMB/siNUMBL relative to control HUVECs ( Figure 4A and 4B) . Consistent with the differences in VEGFR2 phosphorylation, VEGF-A-induced activation of PLCγ1 was attenuated in siNUMB/siNUMBL cells at 15 minutes, whereas the activation of extracellular signalregulated kinases was not significantly altered ( Figure 4A ). In contrast, activation of the phosphoinositide 3 kinase pathway was significantly attenuated as indicated by reduced AKT phosphorylation of AKT at 10 and 15 minutes after VEGF-A stimulation ( Figure 4A and 4B) . VEGF-C is mainly a ligand for VEGFR3, but the fully processed form of the growth factor can also signal through VEGFR2 homodimers and VEGFR2/ VEGFR3 heterodimers. 42 siNUMB/siNUMBL knockdown led to reduced VEGF-C-induced phosphorylation of VEGFR2 and significantly lower VEGFR2/VEGFR3 heterodimerization 
Numb Controls VEGF Receptor Recycling
VEGFR2 levels in the growing vasculature depend on the balance between the synthesis, recycling, and degradation of this receptor. 8 As levels of surface VEGFR2 (as determined by biotinylation) and total VEGFR2 were strongly reduced in siNUMB/siNUMBL HUVECs at 15 or 30 minutes after VEGF stimulation ( Figure 4A and 5A), we next determined the relevance of VEGFR2 de novo synthesis and degradation in vivo and in cultured HUVECs. Analysis of lung lysates from mice treated for 2 hours with the protein synthesis inhibitor cycloheximide led to a nearly complete loss of VEGFR2 protein but not VEGFR3 or VE-cad ( Figure 5B ). High VEGFR2 turnover has also been suggested for HUVECs in vitro. 43 Accordingly, VEGF stimulation of HUVECs in the presence of cycloheximide for 30 minutes led to a profound reduction of total and, as determined by biotinylation, surface VEGFR2 ( Figure 5C ). Removal (washout) of VEGF allowed the full recovery of total and surface VEGFR2 after 60 or 120 minutes to levels seen in unstimulated cells. Indicating that this recovery was mainly caused by new synthesis of VEGFR2, levels of the receptor were strongly reduced when cycloheximide was present during the recovery phase ( Figure 5C ). As the stimulation of siNUMB/siNUMBL HUVECs with VEGF-A in the presence of cycloheximide led to significantly faster reduction of VEGFR2 levels than in control cells ( Figure 5D and 5E), we next investigated the role of Numb proteins in VEGFR2 degradation. It has been previously shown that inhibitors of lysosomal or proteasomal protein degradation can interfere with the destruction of internalized VEGFR2. 8, [43] [44] [45] Interestingly, differences in VEGFR2 levels seen between control and siNUMB/siNUMBL HUVECs at 30 minutes after VEGF stimulation were abrogated by the presence of Chloroquine, an inhibitor of lysosomal degradation, or MG132, which interferes with proteasome function and limits the availability of ubiquitin ( Figure 5F and 5G) . 46 These findings indicate that Numb proteins antagonize the destruction of VEGFR2 after VEGF stimulation.
Finally, we conducted a series of recovery experiments to address the role of Numb/Numbl in VEGF receptor recycling ( Figure 6A ). Transient VEGF stimulation for 30 minutes followed by washout allowed the recovery of surface VEGFR2 in control HUVECs, which was slightly diminished after siRNAmediated knockdown of NUMB/NUMBL or DAB2 ( Figure 6B ). Indicating partial functional redundancy of these highly related CLASPs, combined knockdown of NUMB/NUMBL and DAB2 expression in HUVECs prevented the recovery of surface VEGFR2 almost completely ( Figure 6B ). This was further corroborated by recovery experiments in the presence of cycloheximide, preventing de novo protein synthesis, and MitMAB, which inhibits dynamin-dependent internalization of surface receptors. Recovery of surface VEGFR2, which is exclusively caused by the recycling of existing (internalized) receptor molecules back to the PM in this experiment, was strongly reduced after siNUMB/siNUMBL/siDAB2 triple knockdown relative to control HUVECs or cells treated with siNUMB/siNUMBL or siDAB2 siRNAs alone ( Figure 6C ). These findings argue that Numb proteins mediate VEGFR2 recycling, which is partially redundant with the function of Dab2. In line with this conclusion, siNUMB/siNUMBL/siDAB2 triple knockdown had the strongest effect on VEGF-induced sprouting from HUVEC spheroids in vitro. In comparison, siDAB2 or siNUMB/ siNUMBL transfection alone led to a weaker but still significant reduction of HUVEC sprouting relative to scrambled control siRNA ( Figure X in the online-only Data Supplement).
Discussion
Previous work has established that VEGF receptor internalization can either promote the rapid termination of VEGF signaling or enhance the activity of this pathway and facilitate receptor recycling. Such surprisingly diverse outcomes have been linked to coreceptors of VEGFR2, such as Neuropilin-1 or ephrin-B2, and the distinct roles of different CLASPs. [5] [6] [7] [8] [9] [10] 12, 15, 47 Given that these molecules strongly influence the signaling activity of the VEGF pathway and thereby control processes, such as developmental angiogenesis, artery formation, or tumor neovascularization, our understanding of the underlying regulation is still inadequate. Here, we have identified Numb and Numbl as novel regulators of VEGF receptor trafficking and signaling ( Figure 6D ). Inducible inactivation of the Numb and Numbl genes specifically in postnatal ECs led to a marked reduction in retinal angiogenesis and, in particular, endothelial proliferation and sprouting.
Despite of the established role of Numb as a negative regulator of Notch signaling, 25, 26 no overt difference in endothelial Notch activation was detected in the retinal vasculature and lungs from control and Numb/Numbl iECKO ECs mice. This finding is consistent with previous studies showing that Numb/ Numbl influence Notch signaling in certain developmental processes but not others. 14, 48 Numb has also been implicated in the control of integrin β1 endocytosis during cell migration. 33, 34 However, inactivation of the gene encoding integrin β1 in ECs led to hypersprouting in the retinal vasculature, 49 which is the opposite of the Numb/Numbl iECKO phenotype. Numb/Numbl iECKO mice also showed no overt differences in active integrin β1. Instead, we discovered that Numb and Numbl promote VEGF receptor activation and signaling by preventing receptor degradation after internalization. VEGFR2 signaling has been shown to raise VEGFR3 expression both at the transcript and posttranslational levels, 2, 30 which is consistent with reduced VEGFR2 tyrosine phosphorylation and lower VEGFR3 protein levels in Numb/Numbl iECKO mutants in vivo. Although our in vitro experiments clearly show that Numb and Numbl also control VEGF receptor signaling, unexpected differences between VEGF-A and VEGF-C stimulation were observed. Although Numb/Numbl was required for full VEGF-A-or VEGF-C-induced activation of phosphoinositide 3 kinase and AKT, which control cell migration but not proliferation during angiogenesis, 50 extracellular signal-regulated kinases activation was only defective downstream of VEGF-C. These distinct effects might be caused by differences in ligand binding and the extent of receptor activation. A role of heterodimers of VEGFR2 and VEGFR3, which only form in response to VEGF-C but not VEGF-A, 42 is also conceivable. Indeed, reduced association of VEGFR2 to VEGFR3 was seen in siNUMB/siNUMBL HUVECs.
Our data also show that the turnover of VEGFR2 in vivo is extremely high in comparison to VEGFR3 or VE-cad. This means that factors controlling the de novo synthesis or the stability/lifetime of VEGFR2 will strongly affect its bioavailability and thereby signaling capacity. Increased VEGFR2 degradation after loss of Numb/Numbl might be therefore of particular importance in settings where VEGF receptor de novo synthesis is limiting or inhibited.
In HUVECs, Numb was concentrated at the apical and basal surfaces, and colocalized with VEGFR2 and clathrin/ AP2 in structures that presumably represent clathrin-coated pits. In contrast, Numb was only rarely found in early endosome antigen -positive endosomes containing VEGFR2, hinting at a potentially transient interaction similar to what has been reported for Dab2 in the internalization of low-density lipoprotein receptor. 51 Interestingly, we also observed a high degree of colocalization between Numb and Dab2 in clathrin/AP2-positive structures, suggesting that these molecules might be available simultaneously ( Figure 6D ) and might therefore have partially redundant functional roles. Given the great importance of the VEGF signaling in numerous physiological and pathological processes, our findings might prove beneficial for the development of new strategies aiming at the therapeutic modulation of the VEGF pathway.
